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ABSTRACT ()

The design and performance of Fuze, Guided Missile, Proximity,
T3008E5 for the Corporal missile are described. Based on the re-
sults of the limited test program, the extent to which the fuze meets
the military characteristics is discussed.

1. INTRODUCTION

Fuze,Guided Missile, Proximity, T3008E5 has been developed for use
with the Corporal XSSM-A-1T7 guided missile. At a very early date in
the Corporal guided-missile program, it was determined that this super-
sonic, surface-tq-surface missile must be equipped with a proximity
fuze. The military characteristics for the T3008 fuze are contained
in the minutes of The Ordnance Committee, Item 34280, which were ap-
proved on 5 June 1952. The fuze nomenclature was established in the
0CO (ORDTA) letter to DOFL, file OO/5UO-33632, dated 2 September 1955.
Department of the Army subproject 506-06-016, Ordnance Corps Project
No. TA3-3304A, was established for the development of the proximity
fuze for Carporal. The OCO (ORDTA) letter to DOFL, file 00/48-4771,
dated 21 June 1954, initiated the development of the "Extended Range"
(T3008E5) fuze.

Data on important characteristics of the Corporal missile are given
in Figures 1, 2, and 3. The "A", "B", "C" warhead-fuze sections,
illustrated in Figure 2, join to the body of the missile, which consists
of the guidance and control section, the fuel storage section, and the
propulsion section.

The missile is launched vertically and is accelerated to a super-

scnic speed under the propulsion of a liquid-fueled rocket motor. It
is desigred to fly a series of standard trajectories similar to the
cne illustrated in Figure 3. Range and direction are controlled and

prograemmed by the ground radar and Doppler equipment. The ground-based
equlpment also .furnishes a command control for arming the proximity fuze.

Research and development of the T3008 fuze were originally undertaken
in 1951 by one of the ordnance electronics divisions of the National
Bureau of Standards at the request of the COrdnance Corps, Department of
the Army. The staff of these divisions of the National Bureau of Stand-
ards formed the nucleus of the Diamond Ordnance Fuze laboratories, which
was established by the Department of the Army in September 1953. The
Guided Missile Fuze Laboratory, one of the major segments of the Diamond
Ordnance Fuze laboratories, has continued the research and development
effort cn the T3008 fuze.

The design of the E5 model of Fuze T3008 was determined after labor-
atory and field-test evaluation of preceding models, designated EO, EI,
E2, and E3, representing successive dewveleopmernt‘stages of the fuze. The




Missile: Type
Length
Outside diameter
Velocity
Altitude (max)
Horizontal range
Propulsion
Guidance
Warhead

Target: Ground installations

SAFETY AND ARMING
WARHEAD

Surface to surface

45 feet

30 inches

Mach 3.5

135, 000 feet

85 miles

Liquid fuel rocket
Ground-controlled programming
Up to 1, 500 pounds

Figure 1. Corporal, XSSM-A-17, missile.
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design of the E5 model is detailed in this report and in the supporting
reports listed in the bibliography.

Information on design and laboratory and field-test evaluation is
presented in this report to provide a basis for possible future action
with regard to the design release of the Fuze, Guided Missile, Proximity,
T3008E5.

2. CONFORMANCE WITH MILITARY CHARACTERISTICS

The objective of the T3008E5 project has been to design a fuze for
the Corporal missile in accordance with the military characteristies
described in OCM 34280. The design objectives for the T3008E5 fuze
were delineated in the letters to 0CO (ORDTA) from DOFL, dated 13 August
1954 and 24 June 1955, respectively. The results of the tests and eval-
uation, which were performed as part of the development program, indicate
that the fuze design objective (except for the maximum operating height
of the electronic system and a temperature characteristic of the safety
and arming device) has been conditionally achieved. Further testing of
the fuze design should be performed in order to permit a more conclusive
evaluation of its military characteristics.

The extent to which the T3008E5 fuze conforms to fhe design objec-
tives and military characteristics is explained below:

a. Function Height

"The design objective shall be to develop a fuzing system to
function warheads for the Ccrporal missile, for preset heights between
75 and 20,000 feet above the surface of the ground. Dual electronic
absolute-altimeter devices, employing T3008E3 techniques, will be used
for functioning heights between 75 and 5,000 feet. Barometric devices
will be used for sequential turn-on operations, and for extending the
fuze operating range from 5,000 to 20,000 feet."

The results of missile flight tests, and aircraft tests indi-
cate that the dual electronic system of the T3008E5 fuze will function
satisfactorily from 75 to 1,500 feet over all types of terrain. The
results also indicate that the T3008E5 fuze barometric device will func-
tion satisfactorily from 5,000 feet to 20,000 feet above the target
(mascimum target altitude not to exceed 10,000 feet above mean sea level).
The barcmetric device can be preset to function as low as 3,500 feet above
mean sea level.

"An additional design objective (see DOFL letter to ORDTA, dated
8 December 1953, MJBlock/th/TLOL) has been to develop a T3008 fuze for the
Corporal missile, which will function in excess of 99 percent of the cases
where the fuzes are armed by the missile radar and Doppler signals. Also,
the T3008 fuze system should have an accuracy, assuming Gaussian distribu-
tion, such that sigma is 5 percent of the preset functioning height on mis-
siles which are roll-stabilized over level terrain."
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Additional tests will be required to obtain a statistically signif-
icant measure of the burst-height accuracy and operational reliability
of the fuze.

b. "Be insensitive to all influencesof the missile motive means or
control signals that are not required for proper function."

No adverse effects of missile motive means or control signals
have been observed in any flight tests. The fuze is therefore deemed
to be insensitive to extraneous influences of missile motive means or
control signals.

c. "Be usable under day or night conditions."

The basic fuze design, consisting of radio-frequency and baro-
metric devices, makes it usable under day or night conditions.

d. "Be entirely capable of satisfactory performance at any air
temperature from -65F, etc."

The electronic, barometric, and power-unit assemblies have
been designed for operation at any ambient temperature from 65F to
+165F and for storage at temperatures from -80F to +165F. To meet
the low-temperature requirement, the battery compartment is provided
with heaters which are to be used for a period of approximately one
hour prior to launching under low ambient-temperatures. The E5 fuze
has been subjected to only very limited temperature tests; but, from
the results of these tests and those of the E3 and E2 designs (elec-
tronic design basically the same as the E5 design) over the prescribed
temperature range, it is concluded that the electronic, barometric,
and power-unit assemblies should meet the prescribed temperature re-
quirements for cperation and storage.

The safety and arming device has been designed to perform
reliably its safety function under the prescribed temperature condi-

tions. However, because of the explosive motors employed in the
device, satisfactory arming action is limited to operating temperatures
in the range from -25F to +130F. Explosive motors which will operate

over the prescribed temperature range are considered to be feasible,
and therefore this deficiency can be corrected.

In view of the present deficiency in the S and A device, the
operating temperatures of the E5 fuze are restricted to the range from
=251 to +130F.

e. '"Design all exposed parts for minimum drag and reduce such ex-
posed parts to a minimum."

The exposed parts of the "A" section (nose cone) have been
designed to_give minimum drag and to have the minimum size compatible




with operational requirements. The external package design has
been approved by the missile design agency, the Jet Propulsion
Laboratory.

f. "Incorporate visible indication of the unarmed condition
prior to assembly to the warhead. No.indication of arming is
thereafter required."

The S and A device has a visual indication of the arming
condition which can be observed prior to its assembly in the war-
head.

g. '"Contain an out-of-line detonator and be safe under normal
conditions of hardling, shipment, and launching."

The S and A device provides an out-of-line and electrically
disconnected detonator in the unarmed condition. The device has
passed the Phase I safety reliability tests prescribed by Picatinny
Arsenal. In no case has the handling ané shipping involved in the
field tests of the device resulted in its arming under circumstances
which reflect adversely on its safety reliability.

It is therefore concluded that the S and A device can be
expected to meet the requirement for safety.

h. "Be designed to arm only in response to the simultaneous
attaimment of chosen conditions, at least one of which is & direct
function of the missile guidance control."

The energy to start the arming cycle is controlled by mis-
sile acceleration of a prescribed minimum value for a prescribed time
duration, and the release to rotate the warhead detonator to the
in-line position is controlled by command from the ground guidance
station. The barometric device then provides fuze thyratron arming
and microwave radiation turn-on approximately 3,000 feet above the
breset height when using the electronics option.

The design of the S and A device is considered to meet fully
the requirements for arming in response to the simultaneous attainment
of chosen conditions.

i. "Be as immune to possible enemy Jarming, or other electronic
interference from other missiles in flight or other missile bursts as
is commensurate with design and development factors."

Susceptibility to electronic countermeasures has been minimized
by the selection of an operating frequency in the X-band, a narrow-beam
antenna pattern, a balanced discriminator, an amplifier of wide dynamic
range, and the incorporation of a barometric device to provide late arm-
ing. No tests have been conducted against countermeasures based on

11
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dispensing of false targets, such as chaff, but it is not expected
that chaff will initiate detonation unless the distribution of the
chaff is so dense that it presents a definite boundary layer.

J. "Be operable under all weather conditions including rain,
snow, and clouds."

The rain and cloud conditions encountered in aircraft, and
missile-flight tests are not believed to be the source of any fuze
malfunctions which have been observed. The fuze has not been ob-
served to fire in tests against simulated rain. No data is avail-
able on the performance of the fuze in snow storms.

More extensive tests would be required to determine the per-
formance of the fuze under the most severe weather conditions likely
to be encountered.

k. "Proper operation shall be unaffected by passage in flight
through altitudes up to 131,000 feet."

Pressure seals are provided to maintain the pressure within
the fuze during flight at substantially the atmospheric pressure
existing at the launching site. This design feature provides as-
surance that operation of the fuze will not be affected by ambient
atmospheric pressures at altitudes up to 131,000 feet.

1. "Be operable at missile velocities of 1,000 to 3,000 feet/sec.

The operation of the fuze system is essentially independent
of missile velocity within the stated velocity range.

m. "Have an active life of at least 225 seconds."

The active life of the fuze is longer than 225 seconds if
batteries are fully charged at turn-on.

n. "Have a storage life of at least 5 years."

The fuze design and all components were chosen to assure a
long storage capability. If the fuze is stored with a desiccant in
a sealed shipping container, operation of the fuze should not be im-
praired by storage for a period of five years. _The battery electro-
lyte d-be-shipped separately in a sealed air- tlght confélner -

_The nickel-cadmium battery cells should be fllled w1th electrolyte

_Just prior.fo.use. Confirmatory tests of the storage life of the
“fuze have not been conducted.

o. "Be able to withstand max1mum axial and lateral acceleration
of g and 2.5g, respectively.'

"!..-
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Vibration accelerations of up to 5g,which have been applied
for an extended period, do not produce a measurable impairment of
fuze performance. There is no evidence that the functional capa-
bilities of the fuze are impaired by the maximum axial and lateral
accelerations encountered on the Corporal missile.

p. '"Be operable under conditions of loss of roll stabilization
in the missile. Under rolling conditions, fuze operability may be
attained at the sacrifice of fuzing accuracy.®

The radiated beam of one electronic assembly of the dual
fuze is directed along the longitudinal axis of the missile; this al-
lows the fuze to ocperate under rolling conditions with some reduction
in accuracy and reliability.

5. TECHNICAL DESCRIPTION

3.1 Theory of Operation of Electronic System

The T3008E5 fuze electronic system operates through the medium
of anf-mmicrowave (X-bend) signal. This signal is generated by a
klystron oscillator which is frequéicy modulated by a 20-kilocycle-
per-second sinusoidal voltage. The cutput of the frequency-modulated
klystron is connected to a trensmitiing antenna which radiates the sig-
nal in a beam of desired shape and directivity. When the radiation is
directed toward the ground, a signal is reflected from the ground and
picked up on & recelving antenna which is similar to and has the same
directivity as the transmitting antenna. The reflected signal picked
up by the receiving antenna and a small portion of the signal from the
transmitter are coupled into a balanced mixer. The instantaneous fre-
quency of the reflected signal differs from that of the transmitted signal
because of the transit-time delay of the signal from the fuze to the tar-
get and return. The output of the balanced mixer is a voltage which
varies in frequency at a rate equal to the difference between the fre-
quencies of the two inputs. This difference frequency (Figure 4) varies
with altitude. The output of the mixer is amplified and coupled to a
discriminator which produces a voltage output whose amplitude and polarity
vary with input frequency. The output of the discriminator is coupled to
the firing circuit. By proper choice of the design parameters, the fuze
is made to provide a firing signal at any predetermined height above
ground, provided the reflected signal level is greater than the minimum
detectable signal level.

The instantaneous difference-frequency signal is a complex wave
composed of many harmonic frequencies. The amplitude of the harmonic
components is shown by a spectrum analysis of the complex wave. Figure 5
shows oscillograms of mixer output and simultaneous spectrum analysis of
this output for reflected signals corresponding to a number of different
delay times. The spectral lines, or the maximum amplitudes of the various
frequency components, are multiples of the modulation frequency (20 kc).
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SPECTRUM COMPLEX WAVE

FREQUENCY —» M=1i2

FREQUENCY ——

FREQUENCY ——

11144 l'"M".‘ I"'Mm

uuf"'. Imﬁ“ll b

FREQUENCY —— M=15

Figure 5. T3008E5 microwave mixer output signal
(spectrum and complex wave).
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A Doppler shift, due to the relative velocity between the fuze and the
target, results in an approximately 3-db loss of spectral signal.

The spectral distribution of the complex difference-frequency
signal (in the absence of Doppler) varies for different heights accord-
ing to the modulation index, M. The factor M is defined by the follow-
ing relationship”®: '

o (2KfD) =] thD for the heights under consideration

M= —= sin p
where,

F= aVeragemto-peak frequency deviation of the transmitted

©  signal in cycles per second

D = distance to the ground

¢ = velocity of propagation of electromagnetic waves in free
space

f = modulation frequency (fixed).

The modulation index, M, for a given frequency deviation, F, is propor-

tional to the distance, D. The firing signal occurs when a specific
value of modulation index, determined by choice of eircuit parameters,
is obtained. The distance, D, corresponding to the modulation index

which produces the firing signal, can be preset by proper selection of
frequency deviation, F.

3.2 Physical Arrangement

The T3008E5 fuze contains two independent electronic assem-
blies each of which is designed to operate according to the principles
described in paragraph 3.1. In addition, a barometric device has been
included to provide late arming and radiation turn-on. An option cir-
cuit also permits use of the barometric device as an independent fuzing
iysti? at function heights between 3,500 and 3%0,000 feet (above mean sea

evel),

The fuze consists of three major assemblies:

(l) Nose-cone assembly
(2) Safety and Arming System
(3) Warhead-fuze cabling

The location of these major assemblies, relative to the position
of the warhead, is shown in Figure 2. A telemeter package, used only
during the research and developmental phase of the project,is mounted
in the "C" section of the Corporal missile.

*. See Reference 5 in Bibliography.

CERE T .
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3.2.1 DNose-Cone Assembly

The nose-cone assembly, shown in Figure 6, consists
of the following:

Missile nose-cone or "A" section

Primary and secondary electronic assemblies
Primary and secondary antenna assemblies
Barometric assembly

Power-unit assembly

Battery compartment.

NN TN AN N
OVl WD

An interior view and photograph of the T3008E5 nose-cone assembly are
shown in Figures 7 and 8, respectively. The weight of the nose-cone
assembly, approximately 100 pounds, is distributed as follows:

"A" section cone 20 pounds
Electronic assemblies 16 pounds
Antenna assemblies 5 pounds
Barometric assembly 6 pounds
Power unit 35 pounds

Battery compartment 18 pounds
Total weight of nose-cone assembly 100 pounds

% 3.2.1.1 Missile Nose-Cone or "A" Section

The outline drawing of the nose cone (Figure 9)
illustrates the configuration®of the "A" section structure.

The nose section, which is conical in shape,
has a base diameter of approximately 16 inches and a length of approx-
imately 28 inches.

The electronic assemblies are fastened directly
to the antenna housings, which are mounted on the inner surface of the
"A" section. In order to reduce vibration effects, the heavier com-
ponents, such as the power section and the battery compartment, are
mounted on the base plate of the nose-cone assembly.

In order to prevent arc-over of the power-
supply voltages during flight, the entire nose-cone assembly is pressure-
sealed at the ground-level atmospheric pressure.

The electronic function-height control is
accessible through a pressure plug located between the transmitter and
receiver antenna elements (Figure 9).

For accessibility and easy handling, the nose-
cone assembly is hinged to the "B" section of the Corporal missile by means

TR o LA ot 1 Ll . 4,
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of two eyebolts (Figure 10). Three captive bolts fasten the entire
assembly to the "B" section.

3.2.1.2 Primary and Secondary Electronic Assemblies

The two identical and independent electronic
assemblies (primary and secondary) are attached to the respective an-
tenna housings (Figure 11). To provide thermal insulation, an 1/8-
inch-thick mica-type phenolic sheet separates the electronic assembly
and antenna housing.

Each electronic assembly weighs approximately
8 pounds and consists of an electronic package, a waveguide-mixer-klystrcn
assembly and cabling with connector (Figure 12).

The electronic unit contains a servo oscillator
and power supply (SOP) panel, an amplifier discriminator and firing (ADF)
panel, and a potentiometer for setting the altitude at which firing is
desired (Figure 13 and paragraph A R

All electrical parts of the electronic assembly
are mounted rigidly on an epoxXy-resin-impregnated fiber-glass sheet in
order to minimize vibration effects (Figure 13).

3.2.1.3 Primary and\Secondary Antenna Assemblies

The primary and secondary antennsa assemblies
each consist of a pair of slotted waveguide elements (Figure 14). One
element in each pair is used for tranemitting and the other element for
receiving. The antenna assemblies are mounted on diametrically opposite
sides of the inner surface of the nose cone (Figures 11 and 15). The
radiating surface of each element is covered with a pressure-sealed die-
lectric material to provide a flush strip on the outer surface of the
nose cone.,

3.2.1.4% Barometric Assembly, Power-Unit Assembly, and
Battery Compartment

The barometric assembly, power-unit assembly,
and battery compartment form an integral assembly (Figures 16 and 17) i
that is mounted at the after end of the nose-cone assembly.

The barometric assembly is mounted directly on .-
the after end of the battery compartment by means of three bolts which :
shock-mount the assembly to minimize effects of vibration. The baro-
metric assembly (Figure 18) has a single-knob control to adjust its func-
tion height, and a counter-indicator that indicates barometric setting in
feet above mean sea level. The barometric assembly is essentially an
altitude switch consisting of 4 Pressure-sensing elements contained withir
a pressure-tight housing together with associated gearing, electrical
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connections and contacts. The weight of the unit is approximately
6 pounds. An air-line connects from the barometric assembly through
the nose cone to the pressure probe located at the tip of the cone.

An option plug is provided on the base plate
(Figure 16) to permit selection of either the electronic system or
the barometric assembly as the fuze.

The primary energy for each electronic assem-
bly is supplied by independent 28-volt nickel-cadmium type batteries
that are contained in the batitery compartment.

The major components of the power unit are:
2 rotary inverters, a rotary power switch, 6 filter capacitors, 2 power
transformers, 2 filter chokes, 2 selenium-bridge rectifiers, and 2 late-
arming relays.

The integral assembly (Figure 16), weighing
approximately 59 pounds, bolts to the base of the "A" section. Pressure
is maintained inside the "A" section by the "O" ring pressure seals.

The electrical connections from the battery
compartment to the power-inverter section are made through a pressurized
connector located on the base plate. Two quick-disconnect connectors
provide the electrical-power connections to each electronic assembly.

The electrical connections from the electronic assemblies to the warhead-
fuze cabling are made through the quick-disconnect type connectors and

a pressurized fuze-warhead plug. Appropriate connections to the tele-
meter package, which were used during the R and D phase, also pass through
this fuze-warhead plug.

An air-valve plug is provided for checking the
bressure seal of the nose-cone assembly.

3.2.2 Safety and Arming System

Two safety and arming (s and A) devices of identical de-
sign, constituting the S and A system, are located in the warhead.

An assembled S and A unit is shown in Figure 19. This
unit is approximately 8 inches in length and 3 l/h inches in diameter,
over all. Its weight is approximately 5 pounds. Electrical connections
are brought out through a single plug.

From a functional standpoint, the two major divisions of
the fuze are the nose-cone assembly and the safety and arming system. The
nose-cone assembly contains all equipment necessary to sense the correct
function height and provide a firing pulse at this height. The S and A
system provides the necessary safety, readies the fuze to function after
receipt of the command-arming signal, and electrically and mechanically




3WYHO4SNVHL

*quawrjreduwrod A19j3eq pue

‘Ajquiasse jrun-gamod ‘Ajquasse drrjowoleq ¢8O0 L1 21ndig
A18WN3SSVY 0odva 401LJ23NNOD
/ ANIT YV
IN3INL1HVYdNOD
AdH311v8
4O0103NNOD
QV3IHYYM-3ZNn4d
ATTYA Yl
= CLL 4O0103INNOD
AT8W3ISSYV

\\\ _ el kel 7 0INO¥1D373

H3143AN|

IXMOHD ¥31Ti4d

AV3d SY¥31411L23Y

35



CABLE . AIR-LINE
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Figure 18. Barometric assembly (cover removed) for T3008E5 fuze.
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arms the explosive elements which detonate the warhead on receipt
of the firing pulse.

Two electronic assemblies (primary and secondary),
two safety and arming devices, and the barocmetric assembly are con-
nected, as shown in Figure 20, for greater operational reliability
than is possible with a single-unit fuze. The operation of either
electronic assembly (or the barometric assembly if baro opticn is
used) through either S and A device will detonate the warhead. An
option circuit has been included to provide fuzing through the baro-
metric assembly rather than through the electronic system. When the
electronic system is used for fuzing, the barometric assembly provides
delayed arming for the electronic assemblies.

5.2.3 Warhead-Fuze Cabling

The warhead-fuze cabling (Figures 21 and 22) provides
the necessary electrical connections between the nose-cone assembly,
safety and arming devices, launch equipment, command-arm equipment, and
telemeter equipment (used only during R and D phases).

3.2.4 Fuze-Weight Summary

Nose-cone assembly 100 pounds
Safety and arming devices 10 pounds
Warhead-fuze cabling 7 pounds
Total fuze weight 117 pounds

3.3 Description of Cperation

%.3.1 Electronic Assemblies

A functional block diagram of the electronic assemblies
is shown in Figure 23, A frequency-modulated signal is generated by
the action of the modulator and the R-1 klystron and radiated by the
transmitting antenna element. The reflected signal is received on the
receiving element ¢f the antenra assembly and coupled through waveguide
to a balanced mixer in the microwave head. A small amcunt of the trans-
mitter output is also coupled into the balanced mixer through a direc-
tional coupler. At eany given instant, the frequency of the mixer output
is the difference between the fregquency of the transmitted signal and the
frequency of the received signal, as shown in Pigure k. The difference-
frequency signal from the mixer is amplified by a band-pass amplifier
wkich has a frequency-gain characteristic as typified in Pigure 24. The
output of the amplifier is coupled to a discriminator which has the char-
acteristic shown in Figure 25. The characteristic of the discriminator
is such that an approximate balance of output voltage is maintained when
the spectral distribution, associated with the instantaneous difference-
frequency signal, is essentially uniform over the band pass. Uniform
spectral distribution exists when the distance to the target is greater
than the preset function height. The amplifier and discriminator band
pass is approximately from 150 kc/s to 550 kc/s. The net discriminator
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output is the resultant of the positive voltage produced by frequency
components higher than approximately 300 kc/s and the negative voltage
pProduced by frequency components lower than 300 kc/s.

When the missile altitude is greater than the preset
function height, the discriminator output voltage is slightly positive.
At the preset function height the discriminator output voltage changes
from a positive to a negative value. The negative voltage is in-
verted and amplified by a d-c amplifier stage which is coupled to the
grid of a thyratron firing circuit. The “riggering of the thyratron
supplies the energy to fire the detonators which, in turn, initiate
action to explode the warhead.

3.3.1.1 TFunction Height Contrel

The frequency deviation of the transmitter out-
put is proportional to the modulating voltage applied to the repeller
of the R-1 klystron. Fuze function height is inversely proportional to
‘frequency deviation. These relations make it possible to calibrate the
modulating voltage in terms of function height. A single~knob, height-
control potentiometer is provided to set the function height of each
electronic assembly at any desired height between 75 and 1,500 feet by
adjusting the klystron modulation voltage.

The height-control potentiometer is mechanically
linked to the receiver-amplifier gain-control potentiometer to increase
the gain as the function height is increased. The variable gain gives
the required sensitivity for high function heights, and reduces the gain
and the deleterious effects of klystron amplitude modulation at the
higher frequency deviations (corresponding to lower function-height
settings). Klystron amplitude modulation Zncreases as the frequency
deviation increases.

Two additional pctentiometers (Figure 7) are
mechanically linked to the height control. One of these potentiometers
varies the discriminator bias Ffurther to reduce the effects of klystron
amplitude modulation at the low function-height settings. The other
potentiometer varies the fuze RC integration time constant between the
discriminator and d-c amplifier to maintain an optimum signal-to-noise
ratio. The value of the RC time constant increases as the function
height is increased.

5.3.1.2 Servo Amplifier
The servo-amplifier and phase-comparator

circuits (Figure 23) perform the function of maintaining the klystron
at the peak of its proper mode of operation. This action is accomplished
by automatically varying the d-c repeller voltage, supplied by the nega-
tive r-f supply, in accordance with the error signal developed by detect-
ing the amplitude modulation on the klystron output and phase-comparing
the error-signal voltage with the modulating voltage.

T L
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3.3.1.3 Antenna Assembly

Two independent antenna systems, each con-
sisting of a transmitting and receiving element, are used for the
dual electronic assemblies. The radiation pattern of the primary
antenna system is directed so that it will be approximately normal
to the earth over the range of impact angles, provided the missile
is properly roll-stabilized. The radiation pattern of the secondary
antenna system is directed essentially forward and parallel to the
longitudinal axis of the missile, in order to prevent fuze malfunction
that might occur as the result of improper orientaticn of the primary
antenna beam when the missile is not properly roll-stabilized.

g

3.3.1.4 Preset Function Heignht for Trimary and
Secondary Electronic Assemblies

The primary electronic assembly is set to fur-
nish the firing signal at the desired vertical height. The secondary
electronic assembly is set to function at a vertical height which is
95 percent of that set for the primary electronic assembly. (This
setting is made in terms of the slant range from the missile to the
ground which is measured along a line in the direction of the makim@m
loop gain of the secondary antenna system. ) When the missile is prop-
erly roll-stabilized (does not roll), these settings assure that the
primary electronic assembly will nave precedence over the secondary .
electronic assembly in Initiating the action which results in detonation
of the warhead.

The secordary electronic assembly has the
cpportunity of initiating the action to detonate the warhead in the
event the primary assembly does not function or the missile is not
properly roll-stabilized.

3.3.2 Barcmetric Assembly

A functioral block diagram, showing the barometric
assembly, is giver in Figure 20. The baro unit essentially is an
altitude switch consisting of four pressure elements contained within
a pressure-tight housing together with associated gearing, electrical
connections, and coutactis (Figure 18).

The basic sensing element consists of an aneroid cell
whose response is essentially linear with altitude. Fach element reacts
to a change of pressure independently of the others. The setting of v
an element is accomplished by the turning of a worm gear which drives a )
fine-thread screw. The worm gear of the four elements is mechanically
linked with a counter-indicator and a train of gears which are in turn
operated by the external single knob (Figure 18). The counter-indica-
tor indicates height setting of the barometric assembly in feet above
mean sea level. The baro unit, for the T3008E5 fuze, is presettable
continuously over the altitude range from 3,500 to 30,000 feet above mean
sea level.




The barometric assembly may be used either
as a late-arming device for the fuze electronic assemblies or directly
for optional fuzing through the S and A devices.

3.3.2.1 Electronics Option

When the T3008E5 electronic system is used as
the fuzing device, the barometric assembly should be preset for approx-
imately 3,000 feet above the desired functioaing height to provide late
arming and microwave turn-on. This arrangement has an excellent
countermeasures features since the thyratron iz not fully ernergized and
microwave radiation is not turned on until the latest possible time. In
addition the short time for fuze operation reduces the probability of
early functions from any causes.

Late arming of the electronic assemblies is
effected by closure of the barometric switches when the proper pressure-
altitude is attained on the downward portion of the trajectery. [Nor-
mally, the barometric switches remain closed until the proper pressure-
altitude is reached on the upward portion of the trajectory. However,
the barometric switches are not effective during this interval since the
S and A devices are not armed. ]

Two late-arming, 28-volt, direct-current relays
are mounted on the power-unit assembly. Tre barometric switches connect
28 volts from the battery compartment to the late-arming relays at the
proper time. Operation of the relays applies a 200-volt, direct-current
arming voltage to the firing circuit thyratron plate, and a 350-volt,
direct-current potential to the klystron ancde for microwave radiation
turn-on.

Meteorological predictions are not required
when the barometric assembly is used as a late-arming device for the
electronic assemblies. The earth's sea level atmospheric pressure varia-
tion. ordinarily does not exceed approximately 2.0 inches of mercury for
various latitudes. This variation correspords to an equivalent altitude
variation of approximately 2,000 air feet (mean sea level * 1,000 feet)
which is well within the 3,000-foot margin allowed. {The barometric
assembly is calibrated with reference to mean sea level pressure. ) However,
the altitude of the impact terrain above mean sea level, should be known to
an accuracy of approximately * 500 feet prior to setting the baro for arming.

3.3.2.2 Barometric Option

)

The barometric assembly may also be used as a
fuze (Pigure 20), instead of the electronic assemblies, to detonate the
warhead over the altitude range of 3,50C to 20,000 feet above the target
terrain (maximum terrain height of 10,000 feet). To obtain the baro fuzing
option, it is necessary to insert the option plug on the "A" section base
plate (Figure DB This arrangement disables the thyratron firing circuits
in the electronic assemblies. NAThe'glosurgfofﬁygggggro switch at
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the preset function height activates the late-afming relay which dis-
charges a 0.22-microfarad capacitor (previously charged to a potential
of 200 volts) through the warhead detonators in the S and A devices.

Meteorological predictions are required when
the barometric option is used, since greater height accuracy is desired
than for arming. It has been determined that the variability of
atmospheric pressure can be predicted to an accuracy of approximately
500 feet, for one standard deviation (o), without regard for season,
latitude, or longitude on the earth's zurface (see Sandia Corp.Tech.
Memo 160-55-51, dated 19 May 1955). If the seascn and position on
the earth's surface are taken into account, the uncertainty can be re-
duced to perhaps 250 feet (1o ).

The baro height uncertainty remains essentially
a fixed numerical value as altitude is varied. A 250-foot height un-
certainty at 5,000 feet represents a 5-percent baro height error. Sim-
ilarly, an error of 1.25 percent would occur at 20,000 feet.

The function height of the barometric assembly’ .
can 'be preset as low as 3,500 feet above mean sea level. 4 250-foot
height uncertainty at this altitude corresponds to an error of approx-
imately 7 percent (1o ).

3.3.3 Safety and Arming (S and A) devices e

The S and A device has been designed to permit safe hand-
ling of the warhead section under all environmental conditions. It -will. .
not arm the fuze until the missile is actually in flight and has traveled °
a safe distance from the launching site. Arming will occur only if (1) .
there is a launch signal, (2) the missile experiencessufficient acceler-
ation for 30 seconds, and (3) a command-arming signal has been given.

The S and A device,shown in Figures 19 and 26, is housed
in a steel cylinder. A1l actions necessary for arming of the warhead
are automatic prior to command arming. A visual indicator shows the
safe condition of the S and A device (Figure 27); inspection of this
indicator is made prior to insertion of the S and A unit in the warhead
well. A further check on safety can be made, if desired, by checking
the series electrical continuity of three major safety switches.

As illustrated in Figure 28, the following sequential
steps, indicative of launching, acceleration, command arming, and late
(baro) arming occur before the S and A device arms the warhead and
readies the T3008E5 fuze to send a firing signal to the detonators:

a. Charging of the tank capacitor Cl to a potential of
350 volts; this voltage is supplied from the fuze launch panel when the
missile firing switech is thrown.

adl o Rt
‘ A
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b. Unlatching of the G-weight in the S and A device; five
seconds prior to lift, 6 volts from the fuze internal battery supply
is applied to the S and A unlatch solenoid. Simultaneously, the 350-
volt charging voltage from the fuze launch panel is disconnected
through a contact on the unlatch relay.

c. Moving of the G-weight under the influence of 0.5 g
net acceleration; this acceleration must continue for 30 seconds. The
G-weight switch moves from position 1 to position 2. The S and A tank
capacitor Cl begins to discharge into the capacitor C2, through the
resistor R. At the end of 30 seconds, after the G-weight switch clo-
sure, the potential across the capacitor C2 has increased to a value
large enough to discharge the necessaryenergy through a 100-volt gas
diode; this energy activates the explosive dimple motor Tk, !

The operation of the dimple motor allows the G-weight
to move from position 2 (setback) to position 3 (lockback) where the’
G-weight remains in a latched condition. The out-of-line detonator
assembly is also unlatched by the dimple-motor action. An electrical
connection from the command-arm switches to the T5 arming motors is made
when the G-weight switch is in position 3. The safety and arming device
is now ready for final arming by command.

d. Closing of the radar and Doppler command arm switches;
this action supplies energy from the 200-volt, d-c circuit to the T5
arming motors. These motors rotate the out-of-line detonator rotor to
the in-line position 2, comnecting the warhead detonators to the fuze
firing circuit.

e. C(Closing of the barometric-assembly altitude switches;
the baro switches are normally closed on the ground. However, they are
not effective then since the baro is connected in series with the S and A
devices. The baro switches open as the missile ascends. At command arm,
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